



































































































































SOCIAL, ECONOMIC AND POLITICAL SETTINGS
Economic development | Demographic trends | Political Stability 
Government resource policies | Market incentives | Media organisation
RELATED ECOSYSTEMS
Climate patterns | Pollution patterns
Flows into and out of focal SES
RESOURCE SYSTEM
Sector; Clarity of boundaries; 
Size and productivity of 
system; Human-constructed 
facilities; Equilibrium 
properties; Predictability of 
system dynamics; Storage 
characteristics; Location 
INTERACTIONS
Harvesting levels of diverse 
users; Info sharing and conflict 
among users; Self organising 
and networking activities 
OUTCOMES 





Resource unit mobility; 
Growth or replacement rate; 
Interaction among resource 
units;  Economic value; 
Number of units; Distinctive 
markings; Spatial and 
temporal distribution
USERS
Number of users; 
Socioeconomic attributes of 
users; History of use; 
Location; Leadership; Social 
capital;  Knowledge of SES; 
Importance of resource; 
Technology used
GOVERNANCE SYSTEM
Govt orgs; NGOs; Network 
structure; Property-rights 





















interest	and	help	to	sustain	LMMAs	over	the	long	term	were	underway	in	WIO,	but	were	largely	at	an	earlier	stage	than	in	the	Pacific,	the	remaining	data	chapters	shift	geographical	focus	to	the	Western	and	Central	Pacific.		The	Cook	Islands	–	specifically,	the	main	island	of	Rarotonga	–	was	selected	as	the	primary	field	research	site	because	of	its	long-established	network	of	LMMAs,	the	tourism-driven	nature	of	its	economy	and	its	model	of	hotel	participation	in	marine	protection	efforts,	which	appears	to	be	less	resource	intensive	and	more	scalable	that	the	efforts	that	have	so	far	emerged	in	the	WIO,	at	places	like	Chumbe	Island	in	Zanzibar	and	Vamizi	Island	in	Mozambique	(Chapters,	2,	3,	5).		To	add	a	further	level	of	geographic	complexity,	the	video	transects	used	in	Chapter	4	come	from	Indonesia	and	not	the	Cook	Islands.	However,	since	the	purpose	of	this	chapter	is	to	explore	a	bias	with	the	potential	to	undermine	the	accuracy	of	biophysical	assessments	of	marine	protected	area	effectiveness,	rather	than	to	specifically	evaluate	such	efforts	in	the	Cook	Islands,	the	location	from	where	the	video	transects	were	taken	was	unimportant.	Because	video-based	methods	have	yet	to	be	implemented	in	the	Cook	Islands,	the	transects	were	sourced	instead	from	a	well-established	video-based	monitoring	programme	in	Indonesia.		The	overarching	objective	of	this	thesis	is	to	better	understand	how	to	scale	and	sustain	locally	managed	marine	areas.	In	achieving	this	objective,	I	focus	primarily	on	addressing	three	specific	gaps:		1. The	role	of	research	design	in	improving	assessments	of	LMMAs	and	other	area-based	management	tools	2. The	potential	role	of	tourism	as	a	source	of	funding	and	support	for	LMMAs	3. The	status	and	extent	of	LMMAs	outside	the	Western	and	Central	Pacific	region	where	the	overwhelming	majority	of	the	research	effort	to	date	has	been	concentrated		The	specific	aims	are	fourfold:	1. To	explore	how	different	research	designs	may	lead	to	different	management	responses	at	a	long-established	network	of	LMMAs	in	the	Cook	Islands,	and	to	discuss	the	potential	of	coastal	hotels	as	a	scalable	mechanism	for	LMMA	funding	and	support	in	tropical	developing	countries	
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2.4.2 Questionnaire	survey	The	21-question	survey	consisted	principally	of	closed	questions	and	5-point	Likert	items	that	typically	ranged	from	5	=	extremely	important/satisfied	to	1=	not	at	all	important/satisfied.	Questions	were	grouped	into	five	sections.		1) Socio-demographics.	This	section	included	questions	about	gender,	age,	education	level,	nationality	and	usual	country	of	residence,	and	also	contained	a	5-point	attitude	rating	item	to	enable	visitors	to	self-assess	their	knowledge	of	coral	reefs.	2) Visit	attributes.	Five	questions	assessing	the	frequency	of	beach	and	lagoon	use,	activities	undertaken	whilst	visiting,	frequency	of	SCUBA	diving	and	snorkeling,	competence	level	for	SCUBA	and	snorkeling,	and	visitor	knowledge	of	corals.	
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(A) SUBSTRATE (B) STRUCTURAL COMPLEXITY




















2D Stress: 0.25 2D Stress: 0.17












































































0.41 (-0.54 to 1.36)
0.10 (-1.03 to 1.22)
0.51(-0.14 to 1.15)
0.48 (0.08 to 0.88)
1.47 (0.85 to 2.10)







-0.55 (-1.44 to 0.34)
-0.98 (-2.43 to 0.48)
0.45 (-0.52 to 1.42)
1.36 (0.86 to 1.86)







-0.47 (-1.12 to 0.18)
1.52 (0.40 to 2.64)
0.17 (-0.37 to 0.72)
0.37 (-0.28 to 1.03)
































Site	 Country	 Characteristics	 Year		 Size	(ha)	 Annual	cost	per	ha	($US)	 Reference	Navini	Island	 Fiji	 12-month	renewable	lease	agreement	between	Navini	Island	Resort	and	the	chiefly	clan	of	the	Tui	Lawa,	but	not	formally	recognised	under	government	legislation.	In	addition	to	lease	fees,	resort	provides	materials	to	local	primary	school	and	supports	community	development	projects	
1988	 25	 97	 (Niesten	et	al.,	2013)			
Anse	Chastenet	 Saint	Lucia	 No	formal	lease.	Hotel	closed	off	2.6ha	area	of	larger	'paper	park'.	Fishers	using	the	park	were	asked	to	leave	by	hotel	staff.	Subsumed	into	larger,	government-run	Soufrière	Marine	Management	Area	in	1995	
1992	 2.6	 -	 (Roberts	and	Hawkins,	1997,	2000)		
Chumbe	Island	Coral	Park	 Tanzania	 10-year	renewable	lease	between	hotel	and	Zanzibar	Government.	Officially	gazetted	as	an	IUCN	Category	II	protected	area.	Fishers	are	employed	as	park	rangers	and	the	hotel	runs	environmental	education	programmes	for	local	communities	and	schools	
1994	 33	 3,600	 (Riedmiller,	2008;	Nordlund	et	al.,	2013)		
Sugud	Islands	Marine	Conservation	Area	
Malaysia	 30-year	lease.	Officially	gazetted	as	an	IUCN	Category	II	protected	area.	Reserve	is	managed	a	not-for-profit	organization	funded	in	part	by	a	fee	levied	on	visitors	to	Lankayan	Island	Dive	Resort.	Fees	are	used	monitor	and	enforce	the	reserve,	train	personnel,	and	undertake	conservation	programs	
2001	 46,700	 3	 (Teh	et	al.,	2008)			
Whale	Island	Resort	 Vietnam	 Renewable	10-year	lease	agreement	between	local	government	and	hotel.	Two	no-take	reserves	that	are	patrolled	at	night	to	prevent	poaching.	Enforcement	support	from	coastguard,	who	deliver	verbal	warnings	or	confiscate	fishing	gear	
2001	 16	 625	 (Svensson	et	al.,	2009)			
Wakatobi	Diver	Resort	 Indonesia	 200	ha	no-take	zone	and	500	ha	buffer	zone	leased	from	local	chiefs.	Community	representatives	are	responsible	for	enforcement.	Proceeds	from	the	lease	are	contingent	upon	community	compliance	with	the	regulations	and	are	used	to	improve	local	infrastructure		
2002	 200	 1,250	 (Svensson,	2009;	Svensson	et	al.,	2010)			
Misool	Eco	Resort	 Indonesia	 25-year	lease	agreement	between	local	community	and	resort	made	under	both	Papuan	adat	(customary)	law	and	Indonesian	law.	Resort	acts	as	steward	for	the	area	and	provides	community	members	with	employment,	health	insurance,	job	training	and	English	lessons	
2005	 42,500	 -	 (Heinrichs,	2008;	Niesten	and	Gjertsen,	2010)				
Vamizi	Island	Marine	Sanctuary	
Mozambique	 50-year	lease,	funded	by	conservation	fees	levied	on	guests	who	stay	at	the	island's	lodge.	Reserve	co-managed	by	the	lodge	and	community	leaders	involved	in	fisheries,	who	receive	US$3	for	each	dive	boat	that	enters.	




























Level	 Medical	trial	 Can	be	blinded?	 Marine	reserve	assessment	 Normally	blinded?	 Blinded	in	this	study?	
Participant	 Patient	receiving	treatment	or	placebo	 Yes	
Treatment	is	a	no-take	marine	reserve;	placebo	is	the	control	site	 NA	 NA	
Observer/Investigator	 Doctor	assessing	treatment	 Yes	 Observer	recording	fish	abundance	on	reserve	and	control	transects		 No	 Yes	












































-0.075 (-0.199 to 0.048)




































0.22 (-0.08 to 0.52)
0.05 (-0.24 to 0.34)
0.21 (-0.08 to 0.50)
0.13 (-0.13 to 0.39)
0.29 (-0.01 to 0.59)
0.41 (-0.14 to 0.97)
0.02 (-0.21 to 0.25)
0.11 (-0.17 to 0.39)
0.46 (0.24 to 0.68)
0.37 (0.17 to 0.58)
0.16 (-0.25 to 0.56)
0.33 (0.09 to 0.58)
0.42 (-0.10 to 0.95)
0.21 (-0.12 to 0.55)
0.50 (0.20 to 0.80)




































































Country		 Area	(km2)	1	 Coastline	(km)	 Pop.	(m)	2010		
%	Coastal	pop.	2000	2	 Pop.	density	km2	 GDP	2010	(US$bn)	










Year	created	 Number	of	MPAs	created	 Average	size	(km2)	1965-1974	 7	 49.1	1975-1984	 16	 36.5	1985-1994	 10	 25.3	1995-2004	 26	 292.4	2005-2014	 15	 8920.8		
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62	sites	identified,	60	(96.8%)	were	established	after	the	year	2000,	in	line	with	the	passing	of	legislation	to	decentralise	marine	resources	management	in	Kenya,	Tanzania,	Mozambique	and	Madagascar.	TABLE	5.3	EXTENT	OF	MPA	COVERAGE	AND	EFFECTIVENESS	FOR	CORAL	REEF	MPAS	IN	THE	WESTERN	INDIAN	OCEAN.	
Region/	Country	 Continental	shelf	(km2)	1	 MPAs	(km2)	in	shelf	area	 MPA	coverage	(%)	2	 Effective	MPAs	(%)3	 Reef	Area	(km2)	
Reef	area	%	of	global	 Overfished	reefs	(%)4	Global	 24,285,959.0	 	 	 15.0	 249,713.0	 100.0	 55.0	Indian	Ocean	 	 	 	 29.0	 31,543.0	 13.0	 60.0		 	 	 	 	 	 	 	Comoros	 1,415.7	 404.0	 28.5	 0.0	 399.0	 0.2	 100.0	Kenya	 8,460.1	 835.3	 9.9	 55.6	 620.0	 0.2	 93.8	Madagascar	 96,652.8	 2603.3	 2.7	 100.0	 3,934.0	 1.6	 86.9	Mauritius	 27,372.8	 139.2	 0.5	 28.6	 976.3	 0.4	 62.6	Mayotte	 1,100.0	 1,100.0	 100.0	 0.0	 643.8	 0.3	 78.1	Mozambique	 73,299.7	 14,551.3	 19.9	 0.0	 2,435.5	 1.0	 78.5	Réunion	 965.1	 35.0	 3.6	 0.0	 27.5	 0.0	 100.0	Seychelles	 31,478.7	 201.8	 0.6	 30.0	 1,904.3	 0.8	 9.6	Somalia	 40,391.7	 0.0	 0.0	 NA	 546.5	 0.2	 100.0	South	Africa6	 16,093.8	 960.9	 6.0	 50.0	 5.0	 0.0	 100.0	Tanzania	7	 8,951.6	 1,160.8	 13.0	 0.0	 2,089.0	 0.8	 94.7	Tanzania	–Zanzibar	 8,951.6	 1,000.5	 11.2	 25.0	 922.0	 0.4	 99.7	








Country*	 No.	of	MPAs	 MPA	coverage	(%)	1	 No	of	LMMAs	 LMMA	av.	Size	(km2)	 LMMA	coverage	(%)	2	
LMMA	+	MPA	coverage	(%)	3	Comoros	 1	 28.5	 0	 NA		 0.0	 28.5	Kenya	 9	 9.9	 14	 7.83	 1.3	 11.2	Madagascar	 8	 2.7	 34	 195.16	 6.9	 9.6	Mauritius	 13	 0.5	 0	 NA		 0.0	 0.5	Mayotte	 1	 100.0	 0	 		 0.0	 100.0	Mozambique	 6	 19.9	 1	 18		 0.0	 19.9	Réunion	 1	 3.6	 0	 NA		 0.0	 3.6	Seychelles	 14	 0.6	 0	 NA		 0.0	 0.6	Somalia	 0	 0.0	 0	 NA		 0.0	 0.0	South	Africa	4	 4	 6.0	 0	 NA		 0.0	 6.0	Tanzania	 10	 13.0	 12	 341.38	 45.8	 58.7	Tanzania	--	Zanzibar	 3	 11.2	 1	 470	 5.3	 16.4	






Country	 Formal	LMMAs	 LMMA	success1	 LMMA	potential2	 Key	local-level	institutions	 Key	enabling	legislation	 Local	name	for	LMMAs	Comoros	 No	 -	 Low-Medium	 Village	fishing	associations	 -	 -	Kenya	 Yes	 Medium	 High	 Beach	Management	Units	(BMUs)	 Beach	Management	Unit	Regulations	2007	 Community	Conservation	Areas,	tengefu,	Local	Marine	Management	Areas	(also	LMMAs)	Madagascar	 Yes	 High	 High	 Village	and	multi-village	level	fishing	associations.	Village	councils	(Fokontany),	Communes	
Gestion	Locale	Sécurisée	(GELOSE),	dina,	Décret	d’Application	No	848-05	
LMMA,	Community	Managed	Protected	Area	
Mauritius	 No	 -	 Low	 -	 -	 -	Mayotte	 No	 -	 Low	 -	 -	 -	Mozambique	 Yes	 Low	 Medium	 Fishing	Community	Councils	(CCPs	–	Conselho	Comunitário	de	Pescas)	and	Co-management	Committees	(CCG	–	Comité	de	Co-Gestão)	
2003	Regulation	on	Marine	Fisheries	 -	
Réunion	 No	 -	 Low	 -	 -	 -	Seychelles	 No	 -	 Medium-low	 Praslin	Fishers	Association	 -	 -	Somalia	 No	 -	 Low	 -	 -	 -	South	Africa	 No	 -	 Medium-high	 Local	Subsistence	Co-Management	Committees	 Policy	for	the	Small	Scale	Fisheries	Sector	in	South	Africa	
Small	Scale	Fishing	Community	Area	*	Tanzania	 Yes	 High	 High	 Beach	Management	Units	(BMUs)	 2003	Fisheries	Act	and	its	principal	Regulations	of	2009	



















































































































































Types	of	activity	undertaken	by	respondents	at	the	beach/lagoon	 Yes	/	No	for	each	of	the	following	options.	Multiple	responses	permitted			Beach	walking	Canoeing/kayaking	Fishing	Kitesurfing	Lagoon	Cruise	Picnicking/Barbecuing	Photography	Sailing	Stand-up	paddle	boarding	(SUP)	SCUBA	diving	Snorkelling	Sunbathing/Relaxing	Surfing/Bodyboarding	Swimming	Windsurfing		Other	(please	specify)	How	often	do	you	participate	in	the	following	activities?	 Frequency	of	SCUBA	diving	and	snorkelling	 Two	activities:	a.	Snorkel	b.	SCUBA	dive		Options	for	each	activity:	Weekly	Every	two	weeks	Monthly	Several	times	a	year	Once	a	year	Less	often			
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First	time	Never	(skip	next	question)	If	you	snorkel	or	SCUBA	dive,	how	would	you	rate	your	ability	for	each	




































































Country		 Marine	protected	area	 IUCN	Category		 Date	established	 Area	(km2)	Comoros	 Mohéli	6	 II	 2001	 404.0	Îles	Éparses	 Glorieuses	6	 IV	 2012	 43,000.0		 Ile	Tromelin	Réserve	Naturelle	6	 IV	 1975	 		 Ilot	d’Europa	Réserve	Naturelle	6	 IV	 1975	 	
	 Ilot	de	Bassas	da	India	Réserve	Naturelle	6	 IV	 1975	 	Kenya	 Diani	 VI	 1995	 75.0		 Kisite	 II	 1978	 28.0		 Kiunga	 VI	 1979	 250.0		 Malindi	 II	 1968	 6.3		 Malindi-Watumu	 VI	 1968	 245.0		 Mombasa	Marine	National	Park	 II	 1986	 10.0		 Mombasa	Marine	National	Reserve	 VI	 1986	 200.0		 Mpunguti	 VI	 1978	 11.0		 Watamu	 II	 1968	 10.0	Madagascar	 Kirindy	Mitea	Marine	 II	 2010	 288.4		 Masoala	1	 II	 1997	 100.0		 Nosy	Antafana	 II	 1989	 10.0		 Nosy	Hara	 Unknown	 2001	 1,254.7		 Nosy	Tanikely	 Unknown	 1966	 1.8		 Nosy	Ve/Androka	 Unknown	 2009	 820.8		 Sahamalaza-Nosy	Radama	 Unknown	 2001	 127.6		 Réserve	de	la	Biosphère	du	Tulear	 NA	 2003	 	
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Mauritius	 Anse	aux	Anglais	 Unknown	 2007	 1.5		 Balaclava	 II	 2000	 4.9		 Black	River	 IV	 2000	 8.0		 Blue	Bay	 Unknown	 2000	 3.5		 Grand	Bassin	 Unknown	 2007	 14.1		 Grand	Port	 IV	 2000	 18.3		 Passe	Demi	 Unknown	 2007	 7.2		 Port	Louis	 IV	 2000	 3.3		 Poste	Lafayette	 IV	 2000	 2.8		 Poudre	d'Or	 IV	 2000	 25.4		 Riviere	Banane	 Unknown	 2007	 1.5		 SEMPA	 Unknown	 2009	 43.0		 Trou	d'Eau	Douce	 IV	 2000	 5.7	Mayotte	 Mayotte	2	 Unknown	 2010	 68,381.0	Mozambique	 Bazaruto	3	 II	 2001	 1,430.0		 North	Quirimbas	 Unknown	 2008	 212.0		 Ponta	do	Ouro	4	 Unknown	 2009	 678.0		 Primeiras	and	Segundas	 Unknown	 2012	 10,409.3		 Quirimbas	 Unknown	 2002	 1,522.0		 Vilanculos	 Unknown	 2000	 300.0	Réunion	 Réunion	 IV	 2007	 35.0	Seychelles	 African	Banks	 Ib	 1987	 8.3		 Aldabra	 Ia	 1981	 142.0		 Anse	Faure	Shell	Reserve	 NA	 1987	 1.1		 Aride	Island	 Ia	 1973	 0.7		 Baie	Ternay	 II	 1979	 0.9		 Cousin	Island	 Ia	 1975	 0.0		 Curieuse	 II	 1979	 12.8		 Ile	Cocos,	Ile	La	Fouche,	Ilot	Platte	 Unknown	 1997	 1.7		 La	Digue	Shell	Reserve	 NA	 1987	 1.6		 North	East	Point	Shell	Reserve	 NA	 1987	 3.0		 Port	Launay	 II	 1979	 1.5		 Praslin	Shell	Reserve	 NA	 1987	 1.7		 Silhouette	 II	 1987	 16.6		 Ste.	Anne	 II	 1973	 10.0	
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South	Africa	 Aliwal	Shoal	 IV	 2004	 124.7		 Maputaland	5	 IV	 2000	 385.2		 St.	Lucia	5	 IV	 2000	 442.7		 Trafalgar	 IV	 2000	 8.3	Tanzania	 Bongoyo	Island	 II	 1975	 7.3		 Fungu	Yasini	 II	 1975	 7.5		 Kiwengwa	 Unknown	 2000	 17.5		 Mafia	Island	 VI	 1995	 615.0		 Maziwe	Island	 II	 1981	 2.6		 Mbudya	Island	 II	 1975	 8.9		 Mnazi	Bay-Ruvuma	Estuary	 VI	 2000	 430.0	
	 Nyororo,	Shungumbili	and	Mbarakuli	 Unknown	 2007	 		 Pangavini	Island	 II	 1975	 2.0		 Saadani	 Unknown	 1969	 70.0	Tanzania	–Zanzibar	 Chumbe	Island	Coral	Park	(CHICOP)	 Ia	 1994	 0.3		 Pemba	Channel	(PECCA)	6	 VI	 2005	 1,000.0	




Country		 Marine	protected	area	 Date	established	 Area	(km2)	Kenya	 Bureni	 2010	 0.52		 Jimbo	 2011	 7.8		 Kanamai	 2011	 0.22		 Kibuyuni	 2010	 25.1		 Kiweni	 2010	 3		 Majoreni	 2011	 23.5		 Mkwakwani/Tradewinds	 2009	 0.118		 Mkwiro	 2011	 8.1		 Msambweni	 2011	 0.46		 Shimoni	 2008	 3.5		 Tiwi	(Nyari)	 2009	 0.125		 Vanga	 2008	 28.3		 Wasini	 2008	 8.6		 Kuruwitu	 2006	 0.29	Madagascar	 Ambodiforaha	 2011	 3.1		 Ambodimangamaro	 2012	 1.5		 Amboditangena	 2009	 1.91		 Ambodivae	bae	 2009	 200		 Ambohibola	 2008	 25		 Ambondrolava	Mangroves	 2008	 6		 Analanjahana	 2011	 2.2		 Anandrivola	 2012	 1.5		 Andakatombaka	 2012	 1.5		 Aniribe	 2011	 2.28		 Ankarea	(Mistio	-	Tsarabanjina)	 2011	 1736.9		 Ankivonjy	(Bay	de	Russes)	 2010	 1966.66		 Antsirakivolo	 2009	 1.86		 Beheloke	 2008	 25		 Belo	Sur	Mer	 2009	 200		 Hoalampano	 2012	 1.5		 Imorona	 2009	 2.09		 Itampolo	 2008	 25	
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	 Mahasoa	 2011	 2.48		 Maintimbato	 2009	 1.91		 Manjaboaka	 2009	 240		 Maromena/Befasy	 2008	 25		 Nosy	Ve	 2006	 200		 Ranobe	 2007	 243		 Rantohely	 2009	 7.24		 Seranambe	 2012	 1.5		 Soariake	 2008	 750		 Tahosoa	 2008	 50		 Tampolo	(Region	Cap	Est)	 2011	 3.43		 Tanandava	 2011	 2.39		 Teariake	 2011	 260		 Vatolava	 2011	 1.14		 Velondriake	 2006	 640		 Vohitralanana	 2009	 3.18	Mozambique	 Vamizi	Marine	Sanctuary	1	 2008	 18	Tanzania	 Boma-Mahandakini	2	 2001	 145		 Boza-Sangea	2	 1997	 396		 Deepsea-Boma	2	 2000	 377		 Mkwaja-Sange	2	 2000	 388.5		 Mtang’ata	2	 1997	 96.5		 Mwarongo-Sahare	2	 2000	 195.5		 Njisopoja	3	 2011	 884		 Mbwekieki	3	 2011	 208		 Kimsa	3	 2011	 306		 Mchimchnumya	3	 2011	 356		 Dokichunda	3	 2011	 478		 Jojibaki	3	 2011	 266	Tanzania	--Zanzibar	 Menai	Bay	(MBCA)	 1997	 470	Total	 62	LMMAs	 	 11,329	1. Part	of	North	Quirimbas	2. Tanga	collaborative	Management	Areas	3. RuMaKi	project	
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